Acetyl-CoA carboxylase is generally considered to have an important role in the regulation of fatty acid synthesis and overall there is good evidence that short-term control of this pathway by insulin and other hormones involves changes in activity of this enzyme (for recent reviews see ). The first demonstration of the short-term hormonal regulation of this enzyme was the finding of persistent increases in activity in extracts of rat epididymal adipose tissue previously exposed to insulin, by Halestrap & Denton (1 973, 1974 ). Subsequently, evidence that the stimulation of fatty acid synthesis by insulin involves activation of acetyl-CoA carboxylase has also been obtained in brown adipose tissue (McCormack & Denton, 1977) , mammary tissue (Munday & Williamson, 1982) and liver (Witters et al., 1979; Buechler et al., 1984) . In contrast, hormones which increase cyclic AMP concentrations (such as /I-adrenergic agonists and glucagon) lead to inhibition of fatty acid synthesis and persistent diminutions in acetylCoA carboxylase activity (Brownsey et al., 1979;  Witters et al., 1979; Gibbins et al., 1985 Holland et al., 1984, 1985) .
The activity of acetyl-CoA carboxylase can be altered, at least in vitro, by citrate and fatty acyl-CoA esters. Citrate activates the enzyme and this is associated with polymerization of the dimeric form of the enzyme. In contrast, fatty acyl-CoA esters are potent inhibitors of the enzyme and also cause depolymerization (see Numa & Tanabe, 1984; . At first sight, the effects of citrate and fatty acyl-CoA esters would appear to be examples of feed-forward activation and end-product inhibition respectively. However, it has proved difficult to establish irrevocably whether alterations in the cytoplasmic concentration of these are important in the hormonal regulation of acetyl-CoA carboxylase activity .
However, acetyl-CoA carboxylase is phosphorylated in cells (Brownsey et al., 1977) . Moreover, both insulin and hormones which increase cell cyclic AMP cause modest increases (I(r-40%) in the overall level of phosphorylation of the enzyme in fat and liver cells although these hormones have contrasting effects on catalytic activity and rates of fatty acid synthesis (Brownsey et Brownsey & Denton, 1982; Holland et al., 1984 . However, two-dimensional thin-layer separation of tryptic peptides derived from labelled acetyl-CoA carboxylase isolated from fat cells by immunoprecipitation showed that the principal sites exhibiting increased phosphorylation in epididymal fat cells exposed to insulin were quite distinct from those in cells exposed to adrenaline (Brownsey & Denton, 1982) . The major effect of insulin was to cause a marked increase in the phosphorylation of a peptide (designated the I-peptide), whereas adrenaline resulted in increased phosphorylation of a separate group of two to three peptides with rather similar mobility (the Apeptides). Broadly similar findings were obtained subsequently by Witters et al. (1983) and using fat and liver cells respectively. In these studies, 32 P-labelled acetyl-CoA carboxylase was isoAbbreviation used: FPLC, fast protein liquid chromatography.
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Recently, we have employed both h.p.1.c. and twodimensional thin-layer separation to further explore the tryptic peptides derived from 3ZP-labelled acetyl-CoA carboxylase isolated from rat epdidymal adipose tissue previously exposed to either insulin or the p-agonist isoproterenol. The main findings to date have been:
(i) The major changes in phosphopeptide profiles apparent using the two separation procedures do represent changes in the phosphorylation of the same phosphoproteins. However, sin le eaks on h.p.1.c. can contain two or more [ Plphosphoproteins which are clearly separable using the twodimensional thin-layer system. (ii) Insulin gives rise to increases in the phosphorylation of one or two peptides in addition to the I-peptide. The relationship between these peptides requires further study to establish whether all contain the same phosphorylation site. The sites phosphorylated in cells exposed to glucagon or /I-adrenergic hormones appear to correspond to those phosphorylated by cyclic AMP-dependent protein kinase (Brownsey & Denton, unpublished work) . Altogether there is good evidence that inhibition of fatty acid synthesis in fat and liver cells observed with these hormones involves a diminution of acetyl-CoA carboxylase activity brought about by phosphorylation of the enzyme by cyclic AMPdependent protein kinase. It seems likely that, in contrast, phosphorylation of acetyl-CoA carboxylase in insulin-treated cells by presumably a cyclic nucleotideindependent protein kinase may be the basis of the activation of acetyl-CoA carboxylase observed under these circumstances. However, the evidence for this view is not so clearcut, mainly because the protein kinase responsible has not been defined and purified.
Plasma membranes from fat cells have been found to display protein kinase activity capable of phosphorylating acetyl-CoA carboxylase with some apparent concomittant activation but no effect of insulin was found on direct addition of insulin to these membranes Denton & Brownsey, 1983) . However, exposure of intact fat cell preparations to insulin results in an increase in a similar protein kinase activity in subsequently prepared high-speed supernatant fractions (Brownsey et al., 1984) . These observations are compatible with the idea that binding of insulin to its plasma membrane receptor may lead to an increase in protein kinase activities capable of phosphorylating acetyl-CoA carboxylase and other proteins which also exhibit increased phosphorylation in insulin-treated cells (Denton et al., 198 I ). More recently, in studies with J. M. Tavart, we have found that human placental membranes which are rich in insulin receptors contain protein kinase activity apparently capable of phosphorylating added purified acetylCoA carboxylase within the I-peptide (Tavare et al., 1985; Denton et al., 1986) . Preliminary evidence has also been obtained that the rate of phosphorylation of acetylCoA carboxylase could be increased in this cell-free systen on addition of insulin. However, the effect has been variable to date (Tavare et al., 1985; Denton et al., 1986) . Machicao & Wieland (1985) have reported that insulin stimulates the phosphorylation of actin on serine residues in a similar system and there is evidence that partially purified insulin receptor preparations may contain associated serine-protein kinase activity which is acti-J s p vated on addition of insulin (Gazzano et al., 1983; Zick et al., 1983) .
Much remains to be established in the action of insulin on acetyl-CoA carboxylase. This includes not only the identity of the kinase responsible for the increased phosphorylation of acetyl-CoA carboxylase and the mechanism whereby the kinase is activated but also the key question of the relationships between changes in phosphorylation, catalytic activity and polymerization. One way we have been approaching this latter question is by using gel permeation columns and the Pharmacia fast protein liquid chromatography (FPLC) system. This allows the rapid separation of the protomeric and polymeric forms of acetyl-CoA carboxylase within 30 min.
Preliminary experiments were carried out with acetylCoA carboxylase, purified as described by Brownsey et al. (1984) , from rat mammary and adipose tissue. Enzymes from both sources were found to be eluted from the Superose 6 column as a polymer with an apparent MI greater than 4 x lob if the enzymes were treated with 20 mwcitrate and the same concentration of citrate was present in the eluting buffer. However, in the absence of citrate treatment and only 0.1 mwcitrate in the eluting buffer, the enzymes eluted were largely in the dimeric form with an MI close to 0.5 x lo6. After phosphorylation with cyclic AMP-dependent protein kinase it was evident that although some polymerization could be induced by treatment with 20mwcitrate it was not so extensive as with the unphosphorylated enzymes.
The effects of insulin on the polymerization of acetylCoA carboxylase in rat epdidymal adipose tissue was investigated as follows. Tissue pieces were incubated in Krebs bicarbonate-buffered medium containing glucose in the presence or absence of insulin and extracted using a medium containing sucrose (0.25 M), Tris/Mops (20 m~) , EGTA (2 mM) and albumin (30 mglml), pH 7.3; other details as Brownsey et al. (1984) . Extracts were centrifuged (25 999g for 10min) and the suernatants taken to 40% saturated (NH,),SO, at 0°C. Precipitated protein was resuspended and dialysed for 30 min against the column buffer. This buffer was 20 mM-Mops, pH 7.2 containing 2 m~-E D T A , 2% (w/v) glycerol, 0.1 mMcitrate, 1 mwdithiothreitol, 0.02% (w/v) sodium azide and protease inhibitors (pepstatin A, antipain and leupeptin, each at 1 pg/ml). The final volume was about 10% of the original extract. The concentrated extracts contained virtually all the acetyl-CoA carboxylase, pyruvate carboxylase, fatty acid synthetase and most of the ATPcitrate lyase activity present in the original extracts but only a small proportion of the albumin. Samples of the concettrated extracts were then incubated with or without 20 mwpotassium citrate before application to a Superose 6 H R (300mm x IOmm) gel permeation column fitted to the Pharmacia FPLC system. Columns were developed at a flow rate of 0.4ml/min at 4°C and elution of protein monitored at A,,, (Fig. I) . Fractions (1 ml) were also collected and acetyl-CoA carboxylase activity determined after citrate treatment to ensure maximal activity (Brownsey et al., 1979) .
Results from a typical experiment are recorded in Fig.  1 and Table 1 . The A,,, profiles showed substantial increases in protein having an MI greater than 4 x lo6 (fractions 1 4 ) in extracts from tissue previously treated with insulin or if the concentrated extracts were treated with citrate before application to the Superose 6 column. Assays of acetyl-CoA carboxylase activity in the fraction (Table l) , together with SDS/polyacrylamide-gel electrophoresis and specific immunoprecipitation, indicated that these changes in A,,, absorption could be largely accounted for by changes in the amount of acetyl-CoA Fraction no.
Fraction no. Fig. 1 . Rapid gelfiltration on Superose 6 of extracts from control and insulin-treated rat epididymal adipose tissue Tissue extracts were concentrated by (NH4)?SO4 precipitation and dialysis as described in the text and then preincubated in the presence (---) or absence ( -) of 20m~ carboxylase eluting with an M , greater than 4 x lo6. It should be noted that less than 20% of the acetyl-CoA carboxylase was apparently present in the dimeric form (fractions 9-12) even in the extracts from control tissue and that there is evidence of considerable activity with an apparent M, below 0.5 x lo6 (fractions 13-20). The nature of this form is currently being investigated. The peak in the A*,, profiles in fraction 9 corresponds to the elution of fatty acid synthase, pyruvate carboxylase and ATP-citrate lyase (all with MI of close to 0.5 x lo6) and the peak in fraction 12 is largely accounted for by albumin.
This approach clearly shows that insulin induces the polymerization of acetyl-CoA carboxylase (as proposed previously by Halestrap & Denton, 1974) and that this persists during (NH,), SO, fractionation and gelpermeation chromatography. Further experiments have shown that only the polymeric form exhibits appreciable acetyl-CoA carboxylase activity in the absence of citrate. Moreover, if the tissue pieces are previously incubated in medium containing [" Plphosphate, the distribution of 32P-labelled acetyl-CoA carboxylase in the fractions can be investigated and it has been found that a greater proportion of the phosphorylated enzyme is present in the polymeric form after exposure of the intact tissue to insulin. Present studies are concerned with investigating whether this polymeric active form is phosphorylated to a greater extent within the I-peptide and other peptides.
increase just before the onset of major lipid accumulation (Turnham & Northcote, 1983) . This induction of seed enzyme activity indicates that acetyl-CoA carboxylase could have a critical regulatory role in the oil accumulation of commercial seed crops. Plant acetyl-CoA carboxylase, like its counterpart in animal and bacterial systems, catalyses a two step reaction: In bacteria the enzyme is composed of three different polypetide chains, biotin carboxylase, biotin carboxyl carrier protein (BCCP) and transcarboxylase (Wood & Barden, 1977) . In yeast and animals all three functional domains are present on one polypeptide chain (Hardie & Cohen, 1978 , Mishina et al., 1980 .
In this report we consider: (a) molecular organization 
